Twenty five hydroxy-, chloro-and methoxy derivatives of natural and synthetic naphthazarins and their acetylated O-glycosides were synthesized. Targeted compounds were screened as cytotoxic agents on mouse Ehrlich ascites carcinoma cells using MTT test. Chloro-and methoxy-substituted naphthoquinones as well as naphthoquinone O-acetylglucosides were the most potent with IC 50 in low micromolar concentration range. Glucosidation of hydroxynaphthoquinones was shown to enhance cytotoxicity, whereas methoxylation yielded both more active and less active derivatives depending on the number and position of methoxy groups. Evaluation using a phenotypic sea urchin embryo assay suggested that naphthazarins exerted their cytotoxic effects through tubulin-unrelated mechanism. (Figure 1, 7) , is the basic component of Russian ophthalmological and cardioprotective drug Gistochrome TM , known to prevent injury by trapping of active oxygen radicals and enhancing mitochondrial biogenesis [7]. In general, biological effects of naphthoquinone are associated with generation of reactive oxygen species and modulation of redox signaling radical reactions [8] as prooxidants, antioxidants, or electrophiles due to a formation of covalent bonds with tissue nucleophiles [9] . Besides, naphthazarins as well as other polymethoxylated natural and semisynthetic compounds with aromatic core (flavones, isoflavones, stilbenes), were reported to be potent antimitotics with microtubule destabilizing mode of action and high cytotoxicity against cancer cells, representing an attractive starting point for further design as anticancer agents [10]. For example, polymethoxylated tricrozarin B (10) showed inhibition of HeLa S 3 cells colony formation with IC 50 of 0.007 μg/mL [11] . Polymethoxy analogues of tricrozarin B are easily accessible from hydroxynaphthazarins through their conversion to methyl ethers or by the replacement of chlorine atoms in chloroquinones [12]. Unfortunately, insufficient solubility of naphthoquinones often hampers their practical application. In this respect a conjugation of naphthoquinones with non-toxic carbohydrates represents a promising approach to improve their solubility [13, 14], providing an access to novel structures with various types of biological activity. In the course of our drug development project we have synthesized a series of new O-and S-glycosides of naturally In designing novel naphthazarins with anticipated anticancer activity, we developed a synthetic strategy for alkyl-, chloro-, and polymethoxy substituted 1,4-naphthoquinones and their acetylated O-glucosides. Targeted compounds were screened for cytotoxicity on mouse Ehrlich ascites carcinoma tumor cells using MTT assay [16] . In order to assess the ability of tested molecules to exert their cytotoxicity through antimitotic microtubule destabilizing mode of action, naphthoquinones were evaluated in a phenotypic sea urchin embryo assay [17] . The chlorination/methylation of available 2,3-dichloronaphthazarin (11) [18] , followed by the replacement of chlorine atoms and selective demethylation, as well as methylation of natural hydroxynaphthoquinones 3-6 with diazomethane/methyl iodide led to required methoxyquinones 13-23 (Scheme 1).
1,4-Napthoquinones are widely distributed in animals, plants and microorganisms [1] . They possess a broad spectrum of biological activities and, therefore, can potentially be applied in medicinal chemistry as promising candidates for the development of novel drugs [2] . Specifically, hydroxylated 5,8-dihydroxy-1,4-naphthoquinones 1-10 (Figure 1 ), also known as naphthazarins, are of particular interest due to their diverse biological effects, such as antimicrobial [3] , antialgae [4] , cardioprotective [5] and antioxidant [6] . The main sea urchin pigment, echinochrome A (Figure 1, 7) , is the basic component of Russian ophthalmological and cardioprotective drug Gistochrome TM , known to prevent injury by trapping of active oxygen radicals and enhancing mitochondrial biogenesis [7] . In general, biological effects of naphthoquinone are associated with generation of reactive oxygen species and modulation of redox signaling radical reactions [8] as prooxidants, antioxidants, or electrophiles due to a formation of covalent bonds with tissue nucleophiles [9] . Besides, naphthazarins as well as other polymethoxylated natural and semisynthetic compounds with aromatic core (flavones, isoflavones, stilbenes), were reported to be potent antimitotics with microtubule destabilizing mode of action and high cytotoxicity against cancer cells, representing an attractive starting point for further design as anticancer agents [10] . For example, polymethoxylated tricrozarin B (10) showed inhibition of HeLa S 3 cells colony formation with IC 50 of 0.007 μg/mL [11] . Polymethoxy analogues of tricrozarin B are easily accessible from hydroxynaphthazarins through their conversion to methyl ethers or by the replacement of chlorine atoms in chloroquinones [12] . Unfortunately, insufficient solubility of naphthoquinones often hampers their practical application. In this respect a conjugation of naphthoquinones with non-toxic carbohydrates represents a promising approach to improve their solubility [13, 14] , providing an access to novel structures with various types of biological activity. In the course of our drug development project we have synthesized a series of new O-and S-glycosides of naturally occurring naphthoquinones and identified several molecules with significant cytotoxicity against human promyelocytic leukemia HL-60 [14] . Anticancer activity of acetylated tris-O-glycoside of echinochrome U-133 together with its ability to increase an expression of heat shock protein Hsp70 in tumor cells was reported by Margulis and co-workers [15] .
In designing novel naphthazarins with anticipated anticancer activity, we developed a synthetic strategy for alkyl-, chloro-, and polymethoxy substituted 1,4-naphthoquinones and their acetylated O-glucosides. Targeted compounds were screened for cytotoxicity on mouse Ehrlich ascites carcinoma tumor cells using MTT assay [16] . In order to assess the ability of tested molecules to exert their cytotoxicity through antimitotic microtubule destabilizing mode of action, naphthoquinones were evaluated in a phenotypic sea urchin embryo assay [17] . The chlorination/methylation of available 2,3-dichloronaphthazarin (11) [18] , followed by the replacement of chlorine atoms and selective demethylation, as well as methylation of natural hydroxynaphthoquinones 3-6 with diazomethane/methyl iodide led to required methoxyquinones 13-23 (Scheme 1).
Scheme 1: Preparation of methoxy substituted naphthoquinone derivatives 13-23. The reaction of dichloronaphthazarin 11 with conc. HCl and MnO 2 in AcOH afforded tetrachloronaphthazarin (12) (81%) [19] . Methylation of quinone 12 by MeI/Ag 2 O in CHCl 3 solution gave dimethoxytetrachloronaphthoquinone (13) in good yield 80%. Only two chlorine atoms were substituted in quinone 13 under treatment with MeONa/MeOH, resulting in dichlorotetramethoxy-1,4-naphthoquinone (14) in 90% yield. Known anticancer quinone ether 15 was obtained by methylation of dichloroquinone 11 [18] . Subsequent chlorine atoms substitution in quinone 15 according to Huot [18] gave known tetramethoxyquinone 16. Treatment of 16 with sodium hydroxide resulted in new quinone 17 in 86% yield. Synthetic spinazarins (3-5) [20] as well as isolated from sea urchins spinochrome E (6) were readily converted into di-and tetramethoxy derivatives 18-21 by careful treatment with diazomethane solution [12a] . The prolonged processing of tetramethoxyquinone 21 by excess of diazomethane within 4 h at room temperature led to pentamethoxyquinone 22. Hexamethoxynapthoquinone 23 (90% yield) was obtained by methylation of 22 with MeI/Ag 2 O (Scheme 1). Hydroxynaphthazarins 25 and 26 ( Figure 2 ) were obtained from echinochrome trimethyl ether 24 according to Pelageev [21] . Hydroxydichloroquinones 27-29 were prepared by Friedel-Crafts condensation of dichloromaleic anhydride with appropriately substituted hydroxyquinones as described in the literature [5a, 12] . Flaviolin 30 was obtained according to Snyder [22] . 2-Hydroxynaphthazarins 25-29 and flaviolin 30 were converted into respective O-glucosides 35, 34, 36, 37, 38, 40 by autocatalytic condensation with equimolar amount of tert-butyl D-glucose 1,2-orthoester 31 ( Figure 3 ) in dry chlorobenzene at reflux according the procedure described in our previous work [23] . The results are presented in Figure 4 . The abbreviation GA is tetra-O-acetyl-β-Dglucopyranosyl substituent.
Glucosidation of quinones 26 and 30 without ethyl substituent near β-hydroxyl group proceeded easily within 10-60 min, whereas transformation of quinone 25 to its O-glucoside 35 required refluxing during 1.5 h and additional amount of D-glucose (11) with strong hydrogen bonds between two α-hydroxyl groups and quinoid carbonyls reacted with 1,2-orthoester 31 only after prolonged reflux within 4 h. In this case a complex mixture of reaction products was formed, and only glucoside 41 was isolated from the mixture in a moderate yield (27%). The trimethoxynaphthoquinone 17 did not react with 1,2-orthoester 31 even under prolonged reflux during 8 h, possibly due to the low acidity of the quinonoid β-hydroxyl group. Nevertheless, quinone 17 was successfully glycosylated with α-acetobromoglucose (32) (Figure 3 ) by Helferich's method [24] , resulting in glucoside 42 in good yield 59%. The structures of new compounds were proved by NMR, IR spectroscopy and HR mass spectrometry. Attachment of glucoside moiety selectively to β-OH group in naphthazarin core of compounds 33-38 was evidenced by disappearance of β-OH signal together with the retention of other phenolic α-hydroxyl groups signals in a weak field at 8-12 ppm. The 1',2'-trans(β)-configuration of glucosidic bond was confirmed by the value of anomeric proton doublets (J 1',2' = 7. . Spectral characteristics of the other known naphthoquinone methoxyderivatives 18-21 were in a good agreement with their proposed structures [12] . 
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Natural Product Communications Vol. 12 (7) 2017 1083 The sea urchin embryo assay was conducted as described previously [15] . Fertilized eggs and hatched blastulae were exposed to 2-fold decreasing concentrations of compounds. Duplicate measurements showed no differences in effective threshold concentration (EC) values. Cytotoxic activity of echinochrome A (7), tricrozarin B (10), chlorine-containing naphthoquinones 11, 13-15, polymethoxysubstituted derivatives 16-26, and glucosides 33-42 was assessed on mouse Ehrlich ascites carcinoma cells. The results are presented in Table 1 . As evidences from Table 1 , the introduction of methoxy groups into naphthoquinone scaffold did not always increase cytotoxicity of a compound. Natural compounds echinochrome A (7), tetramethoxy (16) and trimethoxy (17) spinazarin derivatives, as well as partially demethylated 6,7-dimethoxyquinones 25 and 26 were inactive up to 100 M concentration. Tricrozarin B (10) was toxic in concentration 91 μM. Perhaps such weak cytotoxic effect is due to the low sensitivity of the mouse Ehrlich ascites carcinoma cells in contrast to the human HeLa cells [11] . Polymethoxylation of echinochrome A (7) afforded active naphthoquinone 24. Removal of one methoxy group from benzene ring of 24 gave more active compound 20. Further removal or replacement of ethyl substituent with methyl in 20 was tolerated, yielding active spinazarin ether 18 and its analog 19, respectively. In contrast, replacement of ethyl in 24 with methoxy group (tetramethoxynaphthazarin derivative 21) markedly reduced cytotoxicity. Tetramethoxyquinone 21 and hexamethoxyquinone 23 showed moderate activity, whereas their close pentamethoxy derivative 22 was more potent. Dichlorodimethoxyquinone 15, its analogues 11, 13, and 14, and naphthoquinone β-Dglucopyranosides 33-42 exhibited high cytotoxicity with IC 50 values in low micromolar concentration range. Generally, glucosidation of hydroxynaphthoquinones caused significant increase of activity. Glucosidation of inactive hydroxynaphthoquinones 17, 25, and 26 resulted in cytotoxic glucoside derivatives 42, 35 and 34 with IC 50 values of 1.7-5.7 μM. Effect of dichloronaphthazarin glucoside 41 was comparable to that of precursor quinone 11. Similar cytotoxicity was observed for other dichloronaphthazarin glucosides 36-38 with the carbohydrate radical attached to β-hydroxy group of naphthoquinone core. Interestingly, naphthopurpurin glucoside 33 [23] without methoxy substituents demonstrated the highest cytotoxicity (IC 50 of 1.0 μM).
Removal of 8-hydroxy group of 33 yielded less active juglone glucoside 39 as previously described [14] . Flaviolin glucoside 40 showed less activity than that of compounds 33 and 39.
As reported previously, cytotoxicity of naphthazarin 1 and 2-methyl-5-hydroxy-1,4-naphthoquinone (plumbagin) (43) was attributed to their antimitotic microtubule destabilizing mode of action [10a, 26] . Therefore, in order to test possible tubulin targeting, synthesized naphthoquinones were evaluated in a phenotypic sea urchin embryo assay [17] . The assay provides information about both antimitotic activity evidenced by cleavage alteration/arrest and microtubule destabilizing mechanism of action specified by aberrant motility of hatched blastulae exposed to a compound. Namely, settlement to the bottom of the culture vessel and rapid embryo spinning around the animal-vegetal axis suggests a microtubule destabilizing activity of tested molecule (ex., Table 1 , Vinblastine). The sea urchin embryo model also proves to distinguish tubulin-independent antiproliferative activity and cytotoxicity/embryotoxicity of tested compounds. During cleavage stages, intensive synchronous cell divisions are observed, whereas processes of differentiation and morphogenesis become dominant from gastrulation. Tubulin-independent antiproliferative/antimitotic agents cause cleavage alteration along with the inability to affect the embryo development after hatching at the same concentration range. In contrast, toxicity implies embryo abnormalities observed after treatment of both fertilized eggs and hatched blastulae. In the tests, microtubule destabilizer vinblastin sulfate as well as DNA intercalator and topoisomerase II inhibitor mitoxantrone were used as reference compounds. To avoid possible crystallization in seawater naphthoquinones were tested at concentrations not exceeding 4 M. As evidenced from C} HSQC were used where necessary in assigning NMR spectra. Spin-spin coupling constants (J) were reported in hertz (Hz). Chemical shifts were referenced to TMS (δ=0.00 ppm). EI mass spectra and high resolution mass spectra were recorded on AMD-604S instrument at 70 eV. ESI mass spectra and ESI high resolution mass spectra were recorded on an Agilent 651 Q-TOF LC/MS instrument. Spectrophotometer tablet format Multiskan FC («Thermo Scientific», Canada), RPMI-1640 medium (BioloT, St. Petersburg, Russia), thiazolyl Blue Tetrazolium Bromide, MTT reagent (Sigma, USA) were used for IC 50 cytotoxicity determination. Silufol UV-VIS TLC plates treated by hydrochloric acid vapor or ammonia (basic plates) were used for analytical TLC. Preparative TLC was performed on silica gel 60 (Merck, 40-63 µm) and silica gel L (Chemapol, 40-100 µm). TLC was developed in system A: hexane-benzene-acetone, 2:1:1 and system B: hexane-benzene-acetone, 2:1:2.
Preparation of 2,3,6,7-tetrachloro-5,8-dimethoxynaphthalene-1,4-dione (13): A mixture of tetrachloronaphthazarine 12 (6.72 g, 0.02 M), CH 3 I (13 mL), and Ag 2 O (10.0 g), was stirred at room temperature. The same amounts of CH 3 I and Ag 2 O were added after 6 and 16 h of the reaction, and the reaction mixture was stirred 29 h until complete conversion of red quinone 12, R f 0.80 (A), into yellow dimethoxyquinone 13, R f 0.75 (A). Inorganic salts were filtered off, the residue was washed with CHCl 3 , combined filtrate was evaporated, and the residue was crystallized from CHCl 3 , yielding 13 as a beige powder (5.60 g, 80% Methylation of hydroxynapthoquinone 3-6 to methoxyderivatives 18-22 using diazomethane (General procedure): Ether solution of diazomethane was added carefully dropwise to a solution of quinones 3-6 (0.50 mM) in 1,4-dioxane (30 mL) until TLC (system A) indicated the disappearance of starting quinones with R f 0.10-0.38 and appearance of new color nonpolar spots of partially methylated quinones that slowly turned into target ethers 18 (R f 0.62), 19 (R f 0.65), 20 (R f 0.67) and 21 (R f 0.48). The reaction mixture was evaporated in vacuo, and the residue was subjected to preparative TLC on silica gel, eluting with system A to give naphthazarine derivatives 18-21. Further treatment of tetramethoxyquinone 21 by diazomethane solution within 4 h at room temperature led to the only pentamethoxyquinone 22 (R f 0.42). The spectra of compounds 18-21 agreed fully with those published in [12, 18, 19] 
5-Hydroxy-2,3,6,7,8-pentamethoxynaphthalene-1,4-dione (22)
Yield 24 mg (92%). MP: 97-99°C.
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Natural Product Communications Vol. 12 (7) Preparation of 2,3,5,6,7,8-hexamethoxynaphthalene-1,4-dione (23) using MeI/Ag 2 O methylation of quinone 22: CH 3 I (0.4 mL, 6.42 mM) was added dropwise to a mixture of pentamethoxyquinone 22 (25 mg, 0.077 mM) in dry CHCl 3 (5 mL) and powder of Ag 2 O (140 mg, 0.60 mM). The resulting mixture was stirred during 39 h at room temperature until the conversion of pentamethoxyquinone 22 with R f 0.42 (A) into a new yellow compound with R f 0.37. Inorganic salts were filtered off, and the precipitate was washed with acetone (10 mL). The combined filtrate was evaporated in vacuo, and the residue was subjected to preparative TLC, yielding 23 mg (90%) of (23) Preparation of acetylglucosides 34-38, 40 by autocatalytic condensation of hydroxynaphthoquinones 25-30 with D-glucose 1,2-orthoester 31: Hydroxynaphthoquinone (0.50 mM) and Dglucose 1,2-orthoester 31 202 mg (0.50 mM) were dissolved in dry PhCl (7 mL) and refluxed (10-90 min) until TLC (system A, basic plates) indicated the disappearance of D-glucose 1,2-orthoester 31 [23] . Quinones 26-29 reacted easily within 10-60 min, while quinone 25 was refluxed during 1.5 h in the presence of additional amount (0.5 mM) of D-glucose 1,2-orthoester 31. The reaction mixture was evaporated and the residue was subjected to preparative TLC on silica gel L, eluting with system A, to give red unreacted quinone and polar orange fraction with R f 0. 24-0.35 (A) . Repeated preparative TLC of the orange fraction and crystallization from hexane-acetone yielded acetylglucosides 34 (65%), 35 (44%), 36 (61%), 37 (80%) and 40 (80%). Glucosides 33 and 39 were prepared as described previously [23, 14] . 4.11 (1H, dd, J = 2.5, 12.3 Hz), 4.19 (1H, dd, J = 6.4, 12. 3 Hz), 4.34 (1H, ddd, H-5', J = 2.5, 6.4, 9.9 Hz), 5.04 (1H, dd, H-4', J = 9.7, 9.9 Hz), 5.16 (1H, dd, H-2', J = 7.9, 9.6 Hz), 5.37 (1H, dd, H-3', J = 9.6, 9.7 Hz), 5.75 (1H, d, H-1', J = 7.9 Hz), 6.94 (1H, s, H-3 61.4 (OMe) , 61.7 (C-6'), 68.0 (C-4'), 70.3 (C-2'), 71.4 (C-5'), 71.8 (C-3'), 96.7 (C-1'), 105.7, 110.7, 11.2, 147.3, 148.7, 151.8, 153.8, 160.9, 168.9 (OAc) -6,7-dimethoxy-5,8-dihydroxy-2-(2,3,4,6-tetra-Oacetyl-β-D-glucopyranosyloxy)naphthalene-1,4- 1436, 1411, 1368, 1288, 1244, 1218, 1170 . 1 H NMR (700 MHz, CDCl 3 ): 1.13 (3H, t, CH 2 CH 3 , J = 7.5 Hz), 2.01 (3H, s, OAc), 2.03, (3H, s, OAc), 2.04 (3H, s, OAc) 2.11 (3H, s, OAc), 2.74 (2H, m, CH 2 CH 3 ), 3.71 (1H, ddd, H-5', J = 2.5, 4.8, 8.9 Hz), 4.06 (1H, dd, H-6, J = 4.8, 12.5 Hz), 4.19 (1H, dd, H-6, J = 2.5, 12.5 Hz), 5.16 (1H, dd, H-4', J = 8.9, 9.3 Hz), 5.29 (1H, dd, H-2', J = 7.6, 9.5 Hz), 5.33 (1H, dd, H-3', J = 9.3. 9.4 Hz), 5.59 (1H, d, H-1', J = 7.7 Hz), 12.98 (1H, s, α-OH), 13.01 (1H, s, α-OH). 13 C NMR (176 MHz, CDCl 3 ): 12.7, 17.7, 20.5(2), 20.6, 20.7, 61.5, 61.6, 68.3, 71.6, 72.1, 72.6, 78.1, 99.6, 106.9, 108.9, 139.0, 147.5, 148.4, 149.8, 156.8, 162.7, 169.4, 169.6, 170.1, 170.5, 179.4, 180 20.47 (OAc) , 61.7 (C-6'), 67.8 (C-4' ), 70.2 (C-2'), 71.6 (C-5'), 71.8 (C-3'), 96.4 (C-1'), 108.7, 111.5, 112.8, 134.8, 135.8, 156.1, 162.0, 162.9, 168,4, 168.9, 169.4, 169.7, 170.0, 176 1560, 1432, 1404, 1376, 1289, 1245, 1132, 1068 . 1 H NMR (500 MHz, DMSO-d 6 ): 1.94 (3H, s, OAc), 1.98 (3H, s, OAc), 1.99 (3H, s, OAc) 2.08 (3H, s, OAc), 2.10 (3H, s, MeAr), 4.03 (1H, m, H-5'), 4.05 (1H, dd, H-6', J =2.3, 12.7 Hz), 4.14 (1H, dd, H-6', J = 5.4, 12.7 Hz), 5.01 (1H, dd, H-4', J = 9.7 Hz), 5.12 (1H, dd, H-2', J = 7.8, 9.7 Hz), 5.39 (1H, dd, H-3', J = 9.7 Hz), 5.58 (1H, d, H-1', J = 7.8 Hz), 12.44 (1H, s, α-OH), 12.76 (1H, s, α-OH). 13 C NMR (125 MHz, DMSO-d 6 ): 9.8 (MeAr), 20.34 (OAc), 20.39 (OAc), 20.44 (OAc), 20.53 (OAc) , 61.4 (C-6'), 68.1 (C-4'), 70.1 (C-2'), 71.2 (C-3'), 71.7 (C-5'), 99.9 (C-1'), 109.7, 110.5, 134.6, 135.0, 135.3, 152.3, 161.4, 161.6, 169.3 (OAc) 1086 Natural Product Communications Vol. 12 (7) 2017 Sabutski et al. -3-ethyl-5,8-dihydroxy-2-(2,3,4,6-tetra-O-acetyl-β 3.75 (1H, ddd, J = 2.4, 4.9, 9.2 Hz), 4.07 (1H, dd, J = 2.4, 12.4 Hz), 4.17 (1H, dd, J = 4.9, 12.4 Hz), 5.15 (1H, dd, J = 9.2, 9.4 Hz), 5.27 (1H, dd, J = 7.5, 9.4 Hz), 5.34 (1H, dd, J = 9.4 Hz), 5.75 (1H, d, J = 7.5 Hz), 12.85 (1H, s, 13.21 (1H, s, . 13 C NMR (125 MHz, CDCl 3 ): 12.7, 17.5, 20.5 (OAc), 20.54 (OAc), 20.56 (OAc), 20.7 (OAc) , 61.5 (C-6'), 68.2 (C-4' ), 71.6 (C-2'), 72.4 (C-3' and C-5'), 99.3 (C-1'), 109.0, 109.7, 135.2, 136.5, 141.4, 152.0, 160.8, 161.2, 169.3 (OAc), 169.4 (OAc) 20.20, 20.30, 20.38, 20.43 (all OAc) , 61.6 (C-6'), 67.8 (C-4'), 70.1 (C-2'), 71.5 (C-5'), 71.8 (C-3'), 96.0 (C-1'), 107.3, 107.9, 108.4, 113.6, 132.6, 157.1, 163.0, 164.4, 168.8 (OAc) Preparation of 2,3-dichloro-5-hydroxy-8-(2,3,4,5,6-tetra-Oacetyl-β-D-glucopyranosyloxy)-naphthalene-1,4-dione (41): Dichloronaphthazarin 11 (180 mg, 0.50 mM) and 1,2-orthoester of D-glucose 31 (404 mg, 1.00 mM) were dissolved in dry PhCl (7 mL) and refluxed during 4 h until TLC (basic plates) indicated the disappearance of 31. The reaction mixture was evaporated and residue was subjected to preparative TLC on silica gel L, eluting with system A, to give red unreacted quinone 11 (42 mg, 23 mM) with R f 0.75 (A) together with the main polar orange fraction with R f 0.32 (A). Repeated preparative TLC of the orange fraction followed by crystallization from hexane-acetone yielded 82 mg (27%) of 41. MP: 224-226 °C. 1 H NMR (500 MHz, CDCl 3 ): 2.05 (3H, s, OAc), 2.06 (3H, s, OAc), 2.08 (3H, s, OAc), 2. 18 (3H, s, OAc), 3.79 (1H, ddd, J = 2.6, 5.7, 9.7 Hz), 4.20 (1H, dd, J = 2.6, 12.4 Hz), 4.25 (1H, dd, J = 5.7, 12.4 Hz), 5.03 (1H, d, J = 7.5 Hz), 5.17 (1H, dd, J = 9.3, 9.7 Hz), 5.31 (1H, dd, J = 9.3, 9.5 Hz), 5.36 (1H, dd, J = 7.5, 9.5 Hz), 7.29 (1H, d, J = 9.0 Hz), 7.62 (1H, d, , J = 9.0 Hz), 12.14 (1H, s, 5-OH). 13 C NMR (125 MHz, CDCl 3 ): 20.5 (OAc), 20.6 (OAc), 20.7 (OAc), 20.8 (OAc) , 61.8 (C-6'), 68.3(C-4'), 70.7 (C-2'), 72.3 (C-3'), 100.7 (C-1'), 113.2 (C-10), 119.6 (C-9), 126.6 (C-6), 132.2 (C-7), 141.1 2-(tetra-O-acetyl-β-D-glucopyranosyloxy)-3,5,8-trimethoxynaphthalene-1,4-dione (42) : Hydroxyquinone 17 and α-acetobromo-glucose 32 were dissolved in dry MeNO 2 (7 mL), Hg(CN) 2 129 mg (0.51 mM) was added and the resulting solution was refluxed under stirring during ~7-10 min, until TLC (system B) indicated the reaction completion. The mixture was evaporated, the orange solid was dissolved in ethylacetate (20 mL) , washed with saturated solution of NaHCO 3 (10 mL), water (10 mL), dried with Na 2 SO 4 .5 (C-6'), 68.3 (C-4'), 71.5 (C-2'), 72.1(C-5'), 72.6 (C-3'), 99.0 (C-1'), 119.7, 120.0, 120.4, 120.7, 139.2, 149.2, 153.7, 153.9, 169.4 (OAc) 1635, 1587, 1573, 1478, 1463, 1434, 1411, 1369, 1269, 1243, 1119, 1062, 1029 [17] : Adult sea urchins Paracentrotus lividus were collected from Mediterranean Sea at Cyprus coast. The range of sea urchins includes the coastal zone, and animals can be collected from tide pools in algal forests not too far off shore. In Cyprus area gravid specimen are available from October until the beginning of June. Adult sea urchins were kept in aerated seawater tank. Gametes were obtained by intracoelomic injection of 1-2 mL of 0.5 M KCl. After spawning animals stayed alive and were returned back to the sea. Eggs were washed with filtered sea water and fertilized by adding drops of a diluted sperm. Embryos were cultured at room temperature under gentle agitation with a motor-driven plastic paddle (60 rpm) in filtered sea water up to the beginning of active feeding (mid-pluteus stage). The embryos were observed with light transmission microscope. Low solubility of organic compounds very often presents a considerable challenge for the biological screening. Almost all compounds can be dissolved in DMSO. However, when an aliquot of DMSO stock solution is transferred to the culture medium/seawater containing different salts, fine crystals of the compound may appear. We found that the use of intermediate solution(s) in 95% ethanol enhanced solubility of tested molecules in salt-containing medium. The maximal tolerated concentrations of DMSO and ethanol for sea urchin embryos were 0.05% and 1% respectively. Vinblastine sulfate (Sigma-Aldrich, Germany) and mitoxantrone (LANS, Russia) were used as reference compounds. For compound treatment, 5 mL aliquots of embryo suspension were transferred to 6-well plates and
6,7-Dimethoxy-5,8-dihydroxy-2-(2,3,4,6-tetra-O-acetyl-β-D-

3-Ethyl
6,7-Dichloro
Preparation of
Phenotypic Sea Urchin Embryo Assay
Synthesis of 1,4-naphthoquinones and their acetyl-O-glucosides
Natural Product Communications Vol. 12 (7) 2017 1087 incubated as a monolayer at a concentration up to 3000 embryos/mL. The antiproliferative activity was assessed by exposing fertilized eggs (10-25 min after fertilization, 45-60 min before the first mitotic cycle completion) to 2-fold decreasing concentrations of a compound. Cleavage alteration and arrest were clearly detected at 3-6 h after fertilization. The effects were quantitatively estimated as a threshold concentration resulting in cleavage alteration or full mitotic arrest and embryo death before hatching. For microtubule destabilizing activity, the compounds were tested on hatched blastulae (9-12 h after fertilization), originated from the same embryo culture. In case of microtubule inhibition, embryo spinning was observed after 0.5-20 h of treatment, depending on the nature and concentration of the compound. Both spinning and lack of forward movement were interpreted to be the result of the microtubule destabilizing activity of a molecule. The tuberculate shape of an arrested egg seemed to be an additional indicator of the microtubule destabilizing activity.
Cytotoxic activity: Cytotoxic activity of naphthoquinones and their glucosides were investigated by MTT assay [16] using mouse Ehrlich ascites carcinoma cells.
Cell culture:
The museum tetraploid strain of mouse Ehrlich ascites carcinoma cells from the Blochin All-Russian cancer center RAMS (Moscow, Russia) was used. Ascites were collected on day 7 after inoculation in mouse CD-1 line. Ehrlich carcinoma cells were isolated, washed triply and then resuspended in RPMI-1640 medium containing gentamicin 8 μg/mL.
Determination of the cytotoxic activity by MTT assay: 20 µL of test compounds and 180 µL of Ehrlich carcinoma cells suspension (1-2 × 10 6 cells/mL) were added in each well of 96-well plates. Then plates incubated for 24 hours at 37°C and 5% CO 2 . Thereafter, medium was replaced with clean serum-free medium, and the amount of viable cells was determined by MTT assay. MTT reagent (Sigma-Aldrich, USA) was added for 4 h, then the cells were lysed in 10% sodium dodecylsulfate (BioloT, Russia) for 18 h. The absorbance was measured at 570 nm using Multiscan FC (Thermo Fisher Scientific, USA). Cytotoxic activity of substances was calculated as concentration of 50% metabolic cell activity inhibition (IC 50 ). Results are expressed as the mean ± SD of three independent experiments.
